Objective: We assessed 24-hour urine sodium levels as an index of dietary salt consumption and its association with dietary salt knowledge and hypertension among poststroke patients with and without a history of hypertension in Uganda.
Sociocultural factors, in addition to age, education, and average income, are main determinants of dietary behavior. 11, 12 In Uganda, knowledge of the effect of diet on stroke risk is generally poor. 4 We assessed 24-hour urine sodium levels, associated dietary salt knowledge, and their relationship with uncontrolled hypertension in poststroke patients in Uganda. The primary hypothesis was that the level of dietary salt intake as reflected by 24-hour urine sodium levels in patients who had a stroke would be associated with their dietary salt knowledge and level of blood pressure (BP) control.
METHODS Participant recruitment. We conducted this case-control study between January 2014 and August 2015 at Uganda's Mulago National Referral Hospital. The hospital's neurology clinic serves as a tertiary referral center for neurologyrelated disorders for the entire country. Participants were enrolled by a trained research nurse in a consecutive convenience sample. Stroke was defined as a neurologic deficit of abrupt onset attributable to a vascular cause with neurologic deficits lasting more than 24 hours and with compatible findings on brain CT scan. 4 Cases were identified from neurology data files and defined as adults older than 18 years with a history of hypertension who had a confirmed stroke at least 1 month previously. Controls were adults with confirmed stroke at least 1 month previously, but with no known history of hypertension. Hypertensive patients were defined as those with an initial BP $180/105 mm Hg or those having BP $140/90 mm Hg over 3 consecutive previous visits as reflected in their medical record and receiving antihypertensive medication. 13, 14 Patients who were pregnant, had chronic kidney disease as reflected in their medical record or proteinuria $150 mg/d, 15 taking loop diuretics, had dementia as confirmed by a Mini-Mental State Examination score ,24, 16 and those who declined consent were excluded. The contribution of other diuretics was considered too small to importantly affect the 24-hour urine sodium values. Figure 1 shows the CONSORT (Consolidated Standards of Reporting Trials) patient flow.
Clinical assessments. All participants had a general physical examination. BP was measured with a standard validated oscillometric "digital" technique 13 with an Omron M4-I Intellisense device (Omron Healthcare, Hoofddorp, the Netherlands) twice after 15-minute intervals with the participant seated and the average recorded. Patients' functional ability in activities of daily living was assessed using the modified Rankin Scale. 17 Scores were categorized as 0 or 1 (minor or no disability), 2 or 3 (moderate disability) and 4 or 5 (severe disability). The modified Rankin Scale scores 4 and 5 were a proxy for caregivers' dietary choices rather than that of the patient.
24-hour urine sodium measurement. We measured 24-hour urine sodium using an ion selective electrode Roche Diagnostics machine (COBAS 6000; Roche Diagnostics Int., Rotkreuz, Switzerland). A complete urine sample was defined as (1) a total 24-hour urine volume .500 mL, (2) no menstruation during the collection period, and (3) a reported length of collection .20 hours. 18 Paraaminobenzoic acid was used to confirm completeness of the 24-hour urine sample. High dietary salt intake was defined as having a 24-hour urine sodium level $8.5 g/d. 19, 20 Data abstraction. A trained research assistant abstracted information on stroke, hypertension, prescribed antihypertensive medications, dietary salt consumption, salt and associated BP control knowledge, and other cardiovascular disease risk factors from medical records and patient interviews utilizing a pretested, standardized questionnaire. Data were checked for completeness before being precoded using Epi-Data software. Statistical analysis. A target sample size of 240 with a 25% dropout rate was used to obtain 80% power (a 5 0.05) for detecting a sodium-BP effect size of at least 10%. Of the targeted 240 participants, 235 had complete urine data and formed the analyzed sample. There were no significant differences between the analytic sample and the group with incomplete data (n 5 5). Outcome variables were 24-hour urine sodium, BP, and salt knowledge. Missing BP and knowledge data comprised 6.3% and 11%, respectively, of the study population. There was no imputation for missing data. Using SPSS version 22 (IBM Corp., Armonk, NY), logistic regression and x 2 analysis were used to identify factors independently associated with high urinary sodium levels, hypertension, and dietary salt knowledge. We adjusted for other factors that could affect BP control such as age, sex, diabetes, antihypertensive medication and associated adherence, alcohol use, and smoking. All variables significant in the univariate analysis at p , 0.05 were included in a multiple linear regression analysis to identify those independently associated with uncontrolled hypertension. Dietary salt knowledge was described in 3 ways: (1) basic knowledge (quantified by patient awareness of the harm high salt has on general health); (2) diet-disease-related knowledge (quantified by patients' awareness of the actual health conditions related to high salt); and (3) procedural knowledge (quantified by patient report on deliberate actions taken to reduce their salt intake). Correct responses were scored as "1" with incorrect responses including "don't know" or "not sure" scored "0."
Standard protocol approvals, registrations, and patient consents. The study was approved by the Makerere University, School of Medicine, Research and Ethics Committee, and the Uganda National Council for Science and Technology. All enrolled participants or their legal representative provided written consent.
RESULTS There were 123 cases and 112 control participants enrolled, aged between 24 and 100 years, of whom 118 (50.2%) were men and 117 (49.8%) were women. The average age of participants was 61.3 6 15.2 years with 47.7% older than 60 years. Table 1 shows the demographic and clinical characteristics of the study population. Cases and controls were of similar age and had a similar sex distribution. The majority of the study population (55.3%) had little or no formal education. Mean systolic and diastolic BPs for cases were higher than for controls at the time of the study visit (p , 0.0001); 80% of participants had an ischemic stroke. Urinary sodium was higher in ischemic stroke patients compared with hemorrhagic stroke patients for both cases and controls (i.e., .8.5 g/d; odds ratio 5 1.96, 95% CI 1.00-3.85, p 5 0.049). Antihypertensive medications included nifedipine (50.5%), captopril (50.5%), amlodipine (22.1%), atenolol (9.5%), and losartan potassium (8.4%). Mean 24-hour urine sodium excretion for the study population was 6.0 g/d. Univariate linear regression analysis with systolic BP as the dependent variable revealed significant relationships for urine sodium (p , 0.0001), urine potassium (p 5 0.021), and antihypertensive drug use (p 5 0.002) (with p . 0.05 for age, sex, diabetes, antihypertensive drug adherence, alcohol use, and smoking). Multiple linear regression analysis of the variables significant in the univariate analyses showed that urine sodium was independently and positively associated with systolic BP (p 5 0.003). A similar analysis adjusting for antihypertensive drug use showed an independent and positive association between diastolic BP and urine sodium (p 5 0.040). Systolic and diastolic BP increased by 0.15 mm Hg and 0.07 mm Hg per mmol increase in 24-hour urine sodium, respectively. Mean urinary sodium was higher in men than in women (p 5 0.046). Figure 2 gives the mean systolic and diastolic BPs according to 24-hour urine sodium for different levels of stroke-related disability. BP was generally higher among those with little to no disability and decreased with increasing levels of disability. Twenty-four-hour urine sodium similarly decreased: highest among those with minor disability and lowest among poststroke patients with severe disability. Figure 3 shows the relationships among urine sodium, salt consumption habits, and dietary salt knowledge for different levels of poststroke disability. There was a similar trend between reported high salt consumption and high 24-hour urine sodium. Salt consumption was highest in patients with minor or no disability and lowest among patients with severe disability. The trends for both procedural and diet-disease-related knowledge were reversed (highest among patients with high reported salt consumption and measured urine sodium and lowest among low salt consumers).
The majority of cases (62.4%) and controls (50.0%) lacked basic dietary salt knowledge (p 5 0.104 for cases vs controls). Only 29.0% of cases and 28.2% of controls (p 5 0.920) had diet-diseaserelated knowledge. Of these, 29.3% and 5.4% of cases were able to relate high salt consumption with Blood pressure and urine sodium against patient disability scores
Figure 3
Urine sodium and salt consumption habits against salt knowledge hypertension and stroke, respectively. There was a difference in the frequency of cases (33.3%) and controls (50.0%) who recognized the importance of lowering salt in their diet (p 5 0.027). Only 45.0% of the study population had procedural knowledge (i.e., reported taking deliberate actions to reduce their salt intake). The actions varied, with the majority (60.9%) reporting "not adding salt at the table," 18.4% reporting minimizing consumption of processed foods, and 13.8% reading sodium levels on food labels. There was no difference in the frequency of cases (42.9%) and controls (47.5%) with procedural knowledge (p 5 0.560). An assessment of diet-disease knowledge and procedural knowledge among different stroke patient categories is shown in table 2. Women were twice as likely to have salt-diet disease-related knowledge (p 5 0.019) than men despite having poorer education (odds ratio 5 3.42, 95% CI 1.99-5.86, p , 0.0001). Those with high 24-hour urine sodium $8.5 g/d, not surprisingly, were 50% less likely to have procedural knowledge on salt reduction (p 5 0.010) than their counterparts with lower sodium levels. DISCUSSION This study has 3 primary findings. High levels of urine sodium in the population were reflected in higher rates of poststroke hypertension. Contrary to the primary hypothesis, dietary salt knowledge was not associated with healthy salt consumption habits or controlled BP. In addition, the majority of the study population had very high mean daily sodium excretion levels (i.e., $8.5 g sodium/d) reflecting high dietary sodium consumption.
Among cases, 24-hour urine sodium was positively correlated with high rates of uncontrolled BP. Adjusting for possible confounders including antihypertensive drug use and associated adherence did not affect the strength of the relationship. Authors of a previous study in this same population with similar poor BP control (53.2% poststrokes, 37.6% nonstroke controls; p 5 0.006) hypothesized that the high prevalence of poststroke hypertension was due to excessive salt consumption. 4 Similarly, the INTERSALT Study found a strong association between urinary sodium and BP across 52 populations. 10, 21 In accounting for the source of high salt in the Ugandan diet, we note that the traditional diet is mainly vegetarian with only 11% to 13% from animal origin. Most of the food consists of plantains, roots, or tubers with low sodium. Dietary sodium from processed foods is quite low. Added salt in cooking and/or at the table is the major source of excessive sodium intake in Ugandans. 22 This suggests that changing dietary salt consumption habits may improve BP control. The mean daily sodium excretion levels as assessed by 24-hour urine were high (i.e., $8.5 g sodium/d) in 65.0% vs 44.6% cases and controls, respectively. A majority (71.5% vs 57.1%) of poststroke cases and controls had urine sodium levels equivalent to a daily salt consumption in excess of the WHO recommendation of #5 g/d salt. 23, 24 The US Departments of Agriculture and Health and Human Services recommend a lower daily intake of 3.7 g/d of salt for most adults older than 40 years of age. 25, 26 Exceeding established salt consumption targets increases risk of cardiovascular disease, hypertension, and premature death 27 as evidenced by the high levels of poststroke hypertension in this population. 4 Although higher than the mean level of sodium consumption worldwide (3.95 g/d), estimated mean salt intake for Ugandan participants was fairly consistent with data from other African populations (mean values ranging from 2.18 to 5.51 g/d). 28, 29 Cappuccio et al. (2006) 29 reported a salt intake of 5.8 g/d in a Ghanaian population aged 40 to 75 (mean 54.7) years. A study conducted in Mauritius estimated an average sodium consumption of 5.45 (95% CI 4.57-6.50) g/d. 30 As in Ugandans, the largest source of dietary salt among black persons of African descent is that added in cooking and/or at the table. 31 The WHO reports a progressive change in Africans' diets to less fruits, vegetables, and dietary fiber, which contain potassium that may help counter the negative effects of salt and contribute to reduced BP. 32 We found no difference in salt knowledge between hypertensive and normotensive poststroke patients (p 5 0.829), and no difference in knowledge between those with high vs normal urine sodium levels (p 5 0.205). Salt knowledge was not reflected in the salt consumption preferences of this population (p 5 0.319). Contrary to findings from similar studies, we found no relationship between salt knowledge and participants' level of education. The level of basic declarative salt knowledge was low (43%). Knowledge of salt-diet-disease relationships was even lower (39%). Procedural knowledge in our study population was only 37.0% with the majority (60.9%) correctly indicating "not adding salt at the table" as their most deliberate step to cut salt intake. This is low compared to Western populations in which knowledge of diet-disease relationships is as high as 80%. [33] [34] [35] The poor knowledge in our study population is not surprising given the lack of dietary salt education initiatives at the national level in Uganda targeted to reduce hypertension and stroke. Western countries have had nationwide salt reduction interventions including targeted information campaigns, decreases in salt content of processed foods, and sodium labeling changes 33 that likely account for their much higher rates of patient knowledge.
We found that despite the high urinary sodium values found in the majority of our study population (55.3%), an even higher percentage of participants (62.1%) classified their salt consumption as "just right" or "too little." This suggests a misperception of the amount of salt they consume. The gap between the self-perceived and actual quantity of salt consumed is attributed to the inability of individuals to perceive their own dietary salt imbalance, 33, 36, 37 leading to an unrecognized high salt intake, 33, 37 as well as a fundamental lack of knowledge of salt consumption targets. In addition, 20% of hypertensive stroke cases and 26.7% of stroke controls expressed no interest in salt reduction, perceiving it as "not important." This highlights an urgent need for countrywide salt reduction interventions including creating more awareness of individuals' level of intake in relation to recommendations. 38 Patients relying on caretakers for their food choices had lower salt diets compared to the more independent poststroke patients who had more dietary freedom. Despite having more knowledge, they tended to opt for higher-salt diets. The inverse relationship in our population between salt knowledge and high salt consumption habits suggests that a tailored educational approach might be helpful. Any salt reduction interventions must take these strong patient preferences into account.
A key strength of our study is in the use of the "gold standard" of 24-hour urine collection to estimate sodium intake. 10, 11 This study, however, has some limitations. First, we cannot determine the frequency of "white-coat hypertension" in our population, although we measured BP using standard techniques. This potentially misclassifies nonhypertensive patients as being hypertensive. Second, the study was powered to detect a sodium-BP effect size of 10%, but was not adequately powered to detect the link between patient knowledge and BP control. Third, we assumed a generalized constant habitual salt intake from a 24-hour urinary sodium result; however, this measure is validated and considered appropriate at a population level. 39 Despite our study limitations, given that most dietary sodium in Africans is added to homeprepared foods, the data suggest that the development of strategies that take salt-diet preferences into account and target behavioral change aimed at reducing dietary sodium may lead to better BP control in this population.
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